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Underwater acoustic channels are very bandwidth limited, only a few kHz are 
available for long-range underwater acoustic communications. Most of the underwater 
acoustic communication systems adopt fixed-rate error correcting codes. Code rate is 
often set low enough to achieve reliable communication in extreme underwater 
environment. Clearly, the bandwidth efficiency is very low for the fixed rate coding. It 
is a great waste to the bandwidth resources of underwater acoustic channels. A rate 
adaptive LDPC coded communication scheme was developed to improve channel 
utilization efficiency in this paper. To evaluate the performance of the scheme, 
simulations were conducted in different underwater acoustic channels. Furthermore, 
communication experiments were carried out in a pool, and a lake, respectively.  
The main content of this paper is as follows: 
(1) The methods of coding, decoding and constructing of LDPC codes with 
different code rate were briefly introduced. Two kinds of different LDPC codes with 
code rate of 0.25 and 0.5 were constructed, respectively. Assuming that the carrier 
frequency is 15 kHz, the position of the transmitter is fixed, the initial communication 
distance is 1 km, channel impulse responses were simulated by using BELLHOP ray 
method for the motionless receiver and the receiver moving at the speed of 1 m/s, 5 
m/s and 10 m/s, respectively. Performance of the constructed LDPC codes were 
simulated in the above four different underwater acoustic channels. 
(2) A new rate adaptive LDPC communication scheme was proposed. The scheme 
chooses code rate of the LDPC codes according to the channel impulse response and 
SNR, which were estimated in the receiver. The scheme solves the problem that the 
system BER exceeds the target BER as selected coding rate do not match with the 
channel state. The performance of the proposed rate adaptive LDPC communication 

















(3) Both least square (LS) and orthogonal matching pursuit algorithm were 
introduced to estimate underwater acoustic channels. Simulations show that OMP 
algorithm outperforms LS algorithm due to its ability to take advantage of the sparse 
characteristics of the underwater acoustic channel. OMP algorithm was adopted in the 
rate adaptive LDPC communication scheme to estimate underwater acoustic channel. 
(4) Dual recursive least squares (RLS) method was proposed to predict the 
impulse response since underwater acoustic channels are characterized with long-time 
and strong multipath. The method contains a RLS channel predictor used for 
estimating channel impulse, and a RLS error predictor used for predicting error of the 
RLS channel predictor. Simulations show that the proposed method can accurately 
predict the impulse response since the RLS error predictor amends the error caused by 
the RLS channel predictor. 
 
Key Words: Adaptive coding; LDPC codes; Channel prediction; Underwater acoustic 
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均频谱效率的目的。近年来，自适应通信和 ARQ 技术结合的 HARQ（Hybrid 

















































频带利用率。Liu Qing-wen[7]将 AMC 技术和 ARQ 结合起来进行跨层设计，在
Nakagami 信道下仿真的结果表明，随着重传次数的增加，系统的频带利用率有
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